We report estimates of mercury (Hg) flux to the sediments of Lake Tahoe, Nevada: 2 and 15-20 µg/m 2 /yr in preindustrial and modern sediments, respectively. These 20 values result in a modern to preindustrial flux ratio of 7.5-10, which is similar to flux ratios 21 recently reported for other alpine lakes in California, and greater than the value of 3 typically 22 seen worldwide. We offer plausible hypotheses to explain the high flux ratios, including (1) 23 proportionally less photoreduction and evasion of Hg with the onset of cultural eutrophication 24 and (2) a combination of enhanced regional oxidation of gaseous elemental Hg and transport of 25 the resulting reactive gaseous Hg to the surface with nightly downslope flows of air. If either of 26 these mechanisms is correct, it could lead to local/regional solutions to lessen the impact of 27 globally increasing anthropogenic emissions of Hg on Lake Tahoe and other alpine ecosystems. 28 29
Introduction 32
There is a general lack of knowledge of the flux of atmospheric mercury (Hg) to alpine 33 ecosystems. Few empirical data exist, but a global 3-D chemical transport model (GEOS-Chem) 34 predicts high concentrations of Hg(II), the principal form of deposited Hg, over elevated land 35 (Selin et al. 2007 ). Indeed, recent data from Mt. Bachelor, Oregon, (2.7 km asl) showed high 36 concentrations of reactive gaseous mercury (RGM; gas-phase of Hg(II)) in free tropospheric air 37 (Swartzendruber et al. 2006) . "RGM enhancements" occur at Mt. Bachelor at night when 38 downslope flows of free tropospheric air displace daytime boundary layer air. 39 Lake Tahoe, California-Nevada, (1.9 km asl) is an alpine ecosystem with special 40 protection as an Outstanding Natural Resource Water under the U.S. Clean Water Act, but from 41 sediment cores collected a decade ago Heyvaert et al. (2000) reported an exceedingly high 42 modern to preindustrial flux ratio for Hg of 24. Worldwide, this ratio is typically ~3 for sites, 43 such as Lake Tahoe, that are unaffected by point-source pollution (Lamborg et al. 2002; 44 Lindberg et al. 2007 ; Selin et al. 2008 ). Heyvaert et al. (2000) hypothesized that this unusually 45 large enhancement was a function of orographic scavenging and cold condensation processes. It 46 is unlikely, however, that these processes affect Hg flux more now than in the preindustrial past. 47
We also used a paleolimnological approach, which can in some ways compensate for a 48 lack of monitoring data (Smol 1992) , to understand Hg at Lake Tahoe. However, our data do not 49 support the flux estimates or hypotheses made by Heyvaert et al. (2000) ; most notably, we argue 50 that the modern flux of Hg to sediment is actually ~1/3 of their estimate. A paleolimnologic 51 reconstruction can only be as good as its estimates for sediment chronology and sedimentation 52 rates, and there were irregularities in the treatment of 210 Pb data by Heyvaert et al. (2000) . 53
However, even with the lower flux estimates provided in our report, the modern to preindustrial 54 4 flux ratio for Hg (7.5-10) is still greater than what is typical for remote regions. We offer 55 mechanistically more-plausible hypotheses to explain this phenomenon, including that, as for Mt. 56
Bachelor, Lake Tahoe were analyzed before and after every ten samples. Mean relative standard deviation for replicate 82 samples was 6.8%. Measured concentrations of CRM were within certified ranges (see 83
Electronic Supplementary Material, Table ESM1 ). Sediment fluxes of Hg were calculated by 84 multiplying 210 Pb-based sedimentation rates by Hg concentrations. Other elements were 85 measured by inductively coupled plasma-mass spectrometry after acid digestion, but only the 86 results for titanium (Ti) are reported here. derived from models with considerable uncertainty, however, and argued that, in order to assure 233 accuracy, methods to directly measure dry deposition are needed. We agree and suggest that a 234 worthwhile application would be to test whether RGM enhancements result in an increased 235 depositional flux. 236
It is possible that alpine lake sediments, through Hg records, uniquely chronicle the past 237 oxidizing conditions of the atmosphere. Contemporary observations of high concentrations of 238 RGM in the free troposphere are not unique to the study at Mt. Bachelor (Swartzendruber et al. 239 2006) . High RGM has also been reported in the free troposphere at Mauna Loa, Hawaii, (Landis 240 et al. 2005 ) and from aircraft measurements over the Atlantic Ocean off the coast of Florida 241 (Sillman et al. 2007 ). However, the observation that the preindustrial accumulation of Hg in 242 Lake Tahoe sediments is comparable to that of other lake systems suggests that if RGM 243 enhancements/dry deposition are the explanation for the current flux increase, then such a 244 phenomenon was not occurring in the past. The increase in dry deposition of Hg over time 245 would probably require an increased concentration of Hg 0 oxidizing species on a regional scale, 246 since this enhancement has been observed in Lake Tahoe and other alpine lakes in California 247 (see below), but not elsewhere. If this were true, then Hg reconstructions in high altitude lakes 248 could provide information regarding temporal changes in the atmosphere's oxidizing power at 249 regional scales, and would be a novel way to examine such behavior. 250
We strongly encourage that our latter two hypotheses be tested, as they could lead to 251 policies and management practices to lessen the impact of globally increasing anthropogenic level and tropospheric ozone at the regional level could result in relatively less Hg reaching sites 256 of methylmercury (MeHg) production (typically transition regions between oxygenated and 257 anoxic conditions, e.g., lake sediments). MeHg is of paramount concern in regards to both 258 human and ecological health issues of Hg. It is debatable whether MeHg contamination of 259 13 alpine ecoystems is high enough to affect human health (although see Blais et al. 2006 the independent variable and its measured Hg concentration (C) is the dependent variable; C = a 438
• P -1 (see Electronic Supplementary Material). These results indicate that the amount of 439 scavengeable Hg (i.e., reactive gaseous Hg and particulate Hg) increases with elevation. The 440 symbol "X" represents a site from the San Francisco Bay Area that is in close proximity to point 441 sources of atmospheric Hg pollution and thus is an outlier and was removed from the linear 442 regression analysis. 443
